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PR_L_ CONCERNING DISTURBANCES OF THE LOCAL BT_DODCIRCULATION .--_---*_
IN MAN UND_ THE INFLU_CE OF PROLONGED " _-

TRANSVerSE ACC_a_TIONS

i
M.D.Yemeltyanov and E.S.Kotova (

The tolerance of the human organism for protracSed _nd repeated

transverse acceleration is _nvestigated on the basis of changes

in the cardiovascular system and specifically the retinal blood

supply. Ophthaimodyr.amometerand campimeter examinations as / °
/

well as centrifuge tests showed phasic changes in vascular /

tonuS, hyper- and hypotension of local character in the optic [
t

artery, and pathological changes in the retino-orachial index.

-_ Residual reactions in_the form of dilatation of the retinal

, veins of as much as 50 _ over normal persisted for up to ii days ) ;-
2 "

, __- after the acceleration test.

Numerous studies have been devoted to the problem of the _nfluence of pro-

_- ..longed accelerations on the organism, relative to the conditions of space travel
!

-_ (V .V.Parin, O.G.Gazen/(o,V.I.Yazdovskiy, V.N.Chernigovskiy, A.S.Barer, G.M'uller

- 1961, and others).

However, up to now several important problems remain unclarified, such as
u i

_hose of tolerance for repeated accelerations, significance of training, effect;

_f transition from acceleration to weightless_,ess and vice versa, and others.

" ,' _lite obviously, this situation is due to the difficulty of simulating condi-
H

tions of space flight on the ground and to the absence of sufficiently reliable

!criter-la for recognizing the early unfavorable physiological shifts _n the hm_

_ Numbers in the margin indicate pagination in the original foreign text.
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organism.

: In this connection, hemorrhages in the internal organs of animals, which

have been described by a number of authors (A.Stole, G.Mosely) particularly _n-
;

dicate the need for caution sLuce such hemorrhages might occur even at moderate

acceleration, _ithough never disclosed by ordinary conditions of examination.

It is well known that one of the basic physiological factors, limiting the toler-

ance for accelerations, are changes in the cardiovascular system (D.Ye.Rozen-

blyum, 1963, V.I.Babushkin et al., 1961, and others). Interference with the

supply of blood to brain and eyes is responsible for loss of consciousness and

i failure of _rision. i

Under these conditions, a study of the retinal blood supply becomes neces-i

sary for _nders*._.nding the mecl'_ of local processes in the eye that cause _

i loss of peripheral and central vision, and of the changes in the carotid circu-_

j lation system (A.Ya.V_lenkina, B.N.Klosovskiy, Bailliart, Weigelin, and many

others). These authors assert that the arteries of the retina reflect the
?
r

changes in the cerebral blood vessels and of the intracranial pressure. In

4 fact, the phylogenetic similarity between eye and brain and the blood vessels i

' of the latter makes it possible to judge the state of cerebral circulation from_

the retinal circulation. All observed changes reflect intracranial vascular

shifts.

Bearing these points in m_md, our methodology included ophthalmodynamometr r,

icampimetric examinations of angioscotomas and of the blind spot, as well as the

• _conv_,tional clinical tests on visual acuity, accommodation, etc.

Ophthalmodynamometry is a method which determines in very great det._ilany

' _" !alterations of varying etiology in the System of the interior carotid artery, i

! • iA comparison of the values of the retinal and total arterial pressure permits i

ii ii i i i i i |i i i _ , i i i i l ........ JL"'"'"'' '"'"" .... "
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estimating the intracranial pressurs.

The state of the blood vessels of the ccnJunctiva of the eyeball, the epi-

sclera, and the retina was determined by the aid of color photography.

All these studies were performed in a time sequence beginning with the

first minute after the motion of the centrifuge had stopped, continuing during

the _edia'be aftereffects, and ending only after complete restoration of func-
T

tion
• i

this group of
We assume thatrophthalmological examination methods would disclose the vet

first si_s of hemodynamic shifts, especially in the system,of cerebral clrcu-

iation, and would provide additional data for judging the dynamics of the trace

reactions of the cardiovascular system on acceleration.
L

_, Several series of experiments were performed on human subjects. Accelera-_

tions of various direct.ionswere used, ranging from small values to the extreme

limits of tolerance in magnitude and time of action. Particular attention was

,, paid to repeated action.

,. The studies revealed very regular reactions manifested in phasic changes in

'_ vascular tonus, mainly in diastolic pressure and in the diameter of the retinal "t
i

-' larteries and veins.

--' During the immediate aftereffect, we determined hypertension in the optic

_<, artery, which was of pronounced regional character and alternated with hypo-
._

_ension. There were pathological changes in the retino-brachial index. There

! t
_wasa clear-cut regularity with increase of qualitative changes under the in-

!fluenceof accelerations up to iA G. At higher accelerations, individual dif- _.

Terences were cl_rly manifested.
J

'_' In contrast to the commonly accepted view that all functions are rapidly :L

_estored after termination of the acceleration effect, we observed residual re-,

]
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actions in the form of dilatation of the retinal veins of as much as 170 _ /3

diameter
(the corresponding normalAfor that age being 125 - 155 _) which persisted for?

i 5, 8, and ii days after the experiment.

A vaN,,important finding were hemorrhages in the conjunctiva of the lids

?
and eyeball, and in the retina. The dynamic tests revealed a varied genesis of:

formation. Together with the hemorrhages on the disk of the optic nerve, which

sometimes appeared within 12 - I00 rainfollowing the acceleration, massive hem-

orrhages occurred in some subjects 2& - 35 hrs after the experiment, along the

main retinal blood vessels.

In 195&, Duane first described the changes in the retinal blood vessels

during positive longitudinal accelerations. Duane, E.Lambert, E.Wood and others

found that the failure of vision ("blackout") under acceleration was a phenom- i
i

e

anon of retinal ischemia. The results of _h_ee investigators, however, were ap-

i parently based on visual observations during the period of acceleration and the!
4

_ immediate aftereffect.
2

k;

_ Our studies permit us to develop an_ _xtend the above propositions. In

all probability the loss of vision (black screen) occurs earlier than the loss

of consciousness only because the retina is a tissue which is extremely sensi-

tive to anoxia. It is very probable that the local hypertension during the Im-

_ rmediate aftereffect noted by us is of the nat_ of a protective adaptive reac-

tion and is a factor of great significance in overcoming the resistance of the

collaterals during restoration of the cerebral, circulation.

It may also be postulated that the arterial pressure increases on slowing

the centrifuge. One of the factors confirming this view is the restoration of
J

_ "' _,the peripheral and central vision, disturbed during the period of the _plateau"_

_, ,. ialre_u:ly at the beginning or mldd'te of +,he deceleration.
' .) I
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There can be no doubt that only by profound study of the mechanism of the

circulatory reactions will it be possible to solve the problems of establishing

rational reg_es of preparation and training of epace-flight specialists. A

study of the recuperative period, after the action of accelerations, will also

permit a more correct approach to an evaluation of the shifts that might take

place in the human organi_L tunderconditions of weightlessness immediately after

the spacecraft has passed through the dense layer_ of the atmosphere.
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